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STUDY OF RETENTION AND PHYSICAL PROPERTIES
OF CONVENTIONAL AND MICROWAVE-CURED
ACRYLIC RESIN COMPLETE DENTURES:
AN IN-VIVO AND IN- VITRO INVESTIGATION
Fardos N. Rizk * and Amany A. ElHadary**
ABSTRACT
Aim: This study was two folded: an in-vivo study to compare the retentive properties of
Lucitone conventional cured denture base resin and Nature-Cryl MC microwave cured denture
base resin and an in-vitro study to compare the internal adaptation, fracture resistance, roughness,
hardness and colour stability of these two materials and correlate the laboratory results with each
other and with the clinical results.
Materials and Methods: Twenty completely edentulous male patients received twenty
complete dentures constructed from Lucitone conventional cured denture base resin. The retentive
properties of the upper complete dentures were measured using force measurement gauge at
one week, one month and three month follow-up period. The patients were instructed to take
off their dentures for two weeks. Twenty complete dentures were then constructed for the same
patients using Nature-Cryl MC microwave cured denture base resin. The retentive properties of
the upper complete dentures were also measured using force measurement gauge at one week,
one month and three month follow-up period. After finishing the in-vivo retention measurements,
the twenty patients were equally divided into two groups based on their clinical satisfaction; one
group received Lucitone denture base resin and the other group received Nature-Cryl MC denture
base resin. The other twenty dentures; ten made of Lucitone and ten made of Nature-Cryl MC
were taken for laboratory testing. Internal adaptation was evaluated by weighing a silicon film
between each denture base and the metal master mode using a precision scale. Fracture test was
carried out by applying compressive mode of load at fitting surface of each denture using computer
controlled materials testing machine. For measuring surface roughness and surface hardness,
twenty rectangular specimens assigned to two equal groups; Lucitone conventional cured resin and
Nature-Cryl MC microwave cured resin where prepared. Using 3D image of the surface profile of
the specimens, WSxM software was used to calculate average of heights expressed in μm, which
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was assumed as a reliable indices of surface roughness. Hardness was then measured using Vicker’s
hardness tester. Forty cuboidal specimens assigned to two equal groups; Lucitone conventional
cured resin and Nature-Cryl MC microwave cured resin where then prepared for measuring
color stability using solutions of tea, coffee, and turmeric and artificial saliva. Five specimens of
each acrylic resin brand were immersed into each of the specific solutions for three days and the
specimens’ colors were measured using a Reflective Spectrophotometer. All results of in-vivo and
in-vitro investigations were collected and tabulated for statistical analysis.
Results: The clinical results of the retention were in agreement with the laboratory results of
internal adaptation as both showed statistically non-significant difference between both denture
base materials. The laboratory results of physical properties showed higher fracture resistance,
lower roughness, higher hardness and lower colour change of Lucitone conventional cured denture
base resin in comparison to Nature-Cryl MC microwave cured denture base resin.
Conclusion: There is no difference between dentures constructed from Lucitone and dentures
constructed from Nature-Cryl MC in terms of retention and internal adaptation. However, Lucitone
conventional cured denture base resin has superior physical properties than Nature-Cryl MC in
terms of higher fracture resistance and hardness values and lower roughness and colour change
values. In-vivo measurements of denture retention and in-vitro measurements of internal adaptation
are correlated. Results of hardness and fracture resistance are correlated. Results of roughness and
colour changes are correlated. Tests for physical properties and other applications of microwave
cured resin should be continued.
KEY WORDS: conventional cured resin, microwave cured resin, internal adaptation, fracture
resistance, roughness, hardness, colour stability, retention

INTRODUCTION
Acrylic resin is the most popular material
for fabricating denture base. The reason for
the wide acceptance of this material has been a
combination of many desirable properties including
biocompatibility, adequate mechanical properties,
satisfactory dimensional stability, insolubility in
oral fluids, acceptable aesthetic, ease of handling
and moderate cost.1,2
Thermally activated acrylic resins have
been traditionally processed by immersion in
temperature-controlled water, for a specific period
of time. Recently, several processing methods
have been proposed to simplify the technique
and to reduce denture manufacturing time. The
convenience of using microwave energy in the food
industry suggested similar advantages for denture
processing.3-7 Microwave curing does not depend on
thermal conductivity but it depends on temperature

rise within the material itself and not the oven
within an extremely short period of time. It allows
the denture base to be fully polymerized in only
three minutes. Also, it is a clean procedure that does
not require much equipment.8-10
Curing processes are among the influential factors
that govern the physical, mechanical and working
properties of denture resins.11Despite the previous
laboratory research conducted on comparing the
properties of denture base resins polymerized by
microwave energy and conventional water-bath
method yet, the results remain a debate. Reitz, et al.12
and Shlosberg, et al.13observed that the strength of
the denture base resin polymerized by conventional
water bath method was not significantly different
than that produced by microwave polymerized
denture base resin. Alkhatib, et al.14 compared
microwave and water bath polymerized resins
and found no significant differences in flexural
strengths regardless of the polymerization method.
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On the contrary, Badr, et al.15 recorded higher
values of flexure strength and less porosity for
water bath cured denture base resin in comparison
to microwave cured denture base resin.
A number of authors16 believe that the
polymerization by immersion in heated water
during a long cycle results in better physical
properties. Others14 believe that physical proprieties
such as hardness and transversal resistance are
favoured when microwave process polymerizes the
resins. Some still consider that the conventional
and microwave energy methods are similar, such
as Smith, et al.17 who compared some properties
such as hardness, surface smoothness, transversal
resistance, modulus of elasticity and resistance to
impact. The only difference found between the two
methods was that microwave energy showed higher
values for modulus of elasticity. On the other hand,
Badr, et al.15 recorded higher values of hardness for
water bath cured denture base resin in comparison to
microwave cured denture base resin. Salem and AlKhafaji 18 found no significant difference between
microwave and water bath cured denture base resin
regarding colour stability and water sorption.
The recognition, understanding, and incorporation
of these mechanical, biologic, and physical factors
are necessary to ensure optimal complete denture
treatment as they are the determinants that promote
the properties of retention, stability, and support
in the finished prosthesis through their influence
on the relationship between the tissue surface of
the denture base and the mucosal surface of the
edentulous ridges. This study was thus conducted
to clinically compare the retentive properties of
Lucitone conventional cured denture base resin
and Nature-Cryl MC microwave cured resin and to
laboratory compare the internal adaptation, fracture
resistance, roughness, hardness and colour stability
of these two materials and correlate the laboratory
results with each other and with the clinical results.
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MATERIALS AND METHODS:
This study was divided into two parts. The first
part involved in-vivo study, while the second part
involved laboratory testing, in-vitro study.
Clinical Work
Patients Selection
Twenty male completely edentulous patients
with age ranging from 50 to 60 years were selected.
Inclusion criteria included patients having Angle’s
class I classification with well-formed alveolar ridges, absence of severe undercuts or bony protuberances, firm mucosa of moderate thickness all over
the denture bearing area and freedom of any signs of
inflammation, ulceration or hyperplasia on the mucous membrane of ridges, palate, cheeks, tongue or
lips Exclusion criteria included history of bruxism,
clenching, tempromandibular joint disorders and
any systemic diseases that may affect bone quality
or contribute to excessive bone resorption.
Prosthetic Procedures
To avoid variations and ensure same form,
surface area and dimensions of the residual alveolar
ridge, two heat cured acrylic resin dentures were
constructed for the same patient following the
usual steps of complete denture construction. First
denture was constructed from Lucitone denture
base resin (Lucitone 199, Dentsply, York, PAUSA) following the conventional water-bath curing
method. While, second denture was constructed
from Nature-Cryl MC denture base resin (NatureCryl MC, GC America Inc, USA) following the dry
heat microwave curing method.
For Lucitone water-bath cured denture, the
conventional metal dental flask (Brass flask, Kavo
EWL, Germany) was used. Acrylic resin was
processed in a water bath curing tank for two hours
at 70 ºC and another half an hour at 100 ºC. For
Nature-Cryl MC microwave cured denture a special
dental FRP flask (Nature-Cryl MC microwave
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flask, GC America Inc, USA) was used (Fig.1).
The microwave oven used in this study was a
Panasonic model NE – 541 (Mitsubhishi Electric
trading Co LLd, Osaka, Japan). A rotating turn
table ensured uniform absorption of microwaves
during operation. The output power was controlled
by adjustment of the variable power controller unit.
The recommended polymerization method of curing
acrylic was applied for 3 minutes at 550W.19
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using force measurement gauge graduated up to 5
KG. The patient was seated in the dental chair in
an upright position with the occlusal plane parallel
to the floor. The maxillary denture was positioned
correctly on the tissues and the patient was asked to
rest his tongue passively in the floor of the mouth.
A hook representing the pull end of the force gauge
was connected to a wire loop (0.9 mm in diameter)
fixed in the geometrical centre of the polished
palatal surface. Vertical downward force was
applied by hand to dislodge the denture (Fig. 2). For
each patient at each follow-up interval, 30 records
were registered and collected to take an average
to be considered as one reading. The patients were
instructed to relax for one minute between each
record. Readings were recorded and the collected
data was tabulated to be statistically analysed.

Fig. (1) Nature-Cryl MC microwave flask

Dentures made of Lucitone resin were
constructed first and delivered to the patients to be
checked after twenty four and seventy two hours
for any needed adjustment and to ensure that the
patients were satisfied with their dentures. Retention
was then measured after one week, one month and
three month follow-up period. Patients were then
instructed to take off their dentures for two weeks
then the dentures made of of Nature-Cryl MC resin
were then constructed and delivered to the patients.
Any needed adjustments were carried out then the
dentures were checked after twenty four and seventy
two hours to ensure patients’ satisfaction. Retention
was then measured after one week, one month and
three month follow-up period.
Measurement of Retention:
Measurements of retention were made according
to the method reported by Burns, et al. 1995 20

Fig. (2) Force-meter measurement gauge

Laboratory testing:
Since each patient of the twenty received two
dentures, one constructed from Lucitone denture
base resin and the other constructed from NatureCryl MC denture base resin therefore, after finishing
the in-vivo retention measurements, patients were
equally divided into two groups based on their
clinical satisfaction; one group received Lucitone
denture base resin and the other group received
Nature-Cryl MC denture base resin. The other
twenty dentures; ten of made Lucitone and ten
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made of Nature-Cryl MC were taken for laboratory
testing.
Internal adaptation
Internal adaptation was evaluated by weighing
a silicon film between each denture base and the
master model. The internal surface of each resin
base was coated with a light body type vinyl
polysiloxane (Silaxil, LASCOD Spa, Italy) and
put onto the master cast under a 5 kgN axial load
applied by universal testing machine (Model
LRX-plus; Lloyd Instruments Ltd., Fareham, UK)
(Fig.3a). The resulting polymerized silicon film
was trimmed at the borderline mark of the
master cast and weighed using a precision scale
(Pocket Scale, Electronic Digital Instruments,
China) with accuracy of 0.001 g (Fig.3b). . This
silicon ﬁlm indicated the gap between resin base
and master model for the entire basal area. This
procedure was done in triplicate for each specimen,
and the average value was recorded as the specimen
internal adaptation. 21- 23
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were recorded using computer software (NexygenMT; Lloyd Instruments). Dentures were secured
to the lower fixed compartment of testing machine
by cyanoacrylate glue. Fracture test was done by
applying compressive mode of load at fitting surface
using a metallic rod with spherical tip attached to
the upper movable compartment of testing machine
traveling at cross-head speed of1mm/min 24 (Fig.4).
The load required to fracture was recorded in
Newton.

Fig. (4) Computer controlled material testing machine

Specimens’ Preparation

Fig. (3) a,b: Testing machine and pocket scale electronic digital
instrument

Fracture Resistance:
All dentures were individually mounted on a

computer controlled materials testing machine
(Model

LRX-plus;

Lloyd

Instruments

Ltd.,

Fareham, UK) with a load cell of 5 kN and data

Twenty rectangular specimens were prepared
according to ADA specification No. 1225in
dimensions of 65x 10 x 2.5 mm where the exact final
dimensions of each specimen were ensured using
the digital calliper. Ten specimens were prepared
from Lucitone water-bath cured resin while, the
other ten specimens were prepared from NatureCryl MC microwave cured resin for measuring
surface roughness followed by surface hardness.
Surface Roughness
Specimens of both Lucitone water-bath cured
resin and Nature-Cryl MC microwave cured resin
were photographed using USB Digital microscope
with a built-in camera (Scope Capture Digital
Microscope, Guangdong, China) connected with an
IBM compatible personal computer using a fixed
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magnification of 90X. The images were recorded
with a resolution of 1280 × 1024 pixels per image.
Digital microscope images were cropped to 350 x
400 pixels using Microsoft office picture manager to
specify/standardize area of roughness measurement.
The cropped images were analyzed using WSxM
software 26 (Ver 5 develop 4.1, Nanotec, Electronica,
SL). Within the WSxM software, all limits, sizes,
frames and measured parameters are expressed in
pixels. Therefore, system calibration was done to
convert the pixels into absolute real world units.
Calibration was made by comparing an object
of known size (a ruler in this study) with a scale
generated by the software. Subsequently, a 3D
image of the surface profile of the specimens was
created. Three 3D images were collected for each
specimen, both in the central area and in the sides
at area of 1.0 µm × 1.0 µm. WSxM software was
used to calculate average of heights expressed in
μm , which can be assumed as a reliable indices of
surface roughness27 (Fig. 5a,b).
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Surface Hardness
Same specimens of both Lucitone water-bath
cured resin and Nature-Cryl MC microwave cured
resin which were used for measuring surface
roughness were then used for measuring surface
micro-hardness. Surface micro-hardness of the
specimens was determined using Digital Display
Vickers Micro-hardness Tester 28 (Model HVS50, Laizhou Huayin Testing Instrument Co., Ltd.
China) with a Vickers diamond indenter and a 20X
objective lens (Fig. 6a). A load of 200g was applied
to the surface of the specimens for 10 seconds.
Three indentations, which were equally placed over
a circle and not close than 0.5 mm to the adjacent
indentations, were made on the surface of each
specimen. The diagonals’ length of the indentations
was measured by built in scaled microscope and
Vickers values were converted into micro-hardness
values.
Micro-hardness calculation;
Micro-hardness was obtained using the following
equation:
HV=1.854 P/d2
Where, HV is Vickers hardness in Kgf/mm2 , P
is the load in Kgf and d is the length of the diagonals
in mm.

Fig. (5) a: Lucitone 3D image for measuring surface roughness
b: Nature-Cryl MC 3D image for measuring surface
roughness

Fig. (6) a: Vickers Micro-hardness Test. 6b: Colour measuring
portable spectrophotometer
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Colour Stability
Forty cuboidal specimens were prepared
according to ADA specification25 No. 12 in
dimensions 20 x 20 x 3 mm where the exact final
dimensions of each specimen were ensured using
the digital calliper. Twenty specimens were prepared
from Lucitone water-bath cured resin while, the
other twenty specimens were prepared from NatureCryl MC microwave cured resin. Solutions of tea,
coffee, and turmeric were prepared by adding 8 g of
colorant to 400 ml boiling distil water. It was allowed
to cool for 10 min and then filtered through a piece
of gauze. Artificial saliva was also prepared with
the following composition: CaCl2 1mM=0.111gr,
NaH2PO42H201mM=0.156gr, NaCl 35mM=2.05gr,
CH3COONa3H2O15 mM=2.05 gr; pH=7 adding
KOH. Five specimens of each acrylic resin brand
were immersed into each of the specific solutions
for three days. The specimens were then washed
under distal water and dried before measuring the
colour. The specimens’ colors were measured using
a Reflective Spectrophotometer 29 (X-Rite, model
RM200QC, Neu-isenburg, Germany) (Fig 6b). The
aperture size was set to 4 mm and the specimens
were exactly aligned with the device. A white
background was selected and measurements were
made according to the CIE L*a*b* color space
relative to the CIE standard illuminant D65. The
color changes (ΔE) of the specimens were evaluated
using the following formula:
ΔECIELAB = (∆L*2 + ∆a*2 + ∆b*2) ½
Where: L* = lightness (0-100), a* = (change
the color of the axis red/green) and b* = (color
variation axis yellow/blue)
Statistical analysis
All the data taken from in-vivo and in-vitro
measurements was collected and tabulated. Data
analysis was performed in several steps. Student
t-test was performed to detect significance between
denture groups. One way ANOVA was performed
to detect significance between subgroups. Statistical

analysis was performed using Aasistat 7.6 statistics
software for Windows. P values ≤ 0.05 were
considered to be statistically significant in all tests.
RESULTS
Retention
Effect of follow-up period on Retention:
Irrespective of denture base material, it was
found that the lowest retention mean value was
recorded on one week followed by one month while
on three month the highest retention mean value
was recorded. The difference between different
follow-up periods was statistically non-significant
as shown in table I.
Effect of denture material on Retention:
There was statistically non-significant difference
between both denture base materials regarding
denture retention during all intervals of follow-up
period as shown in table I.
TABLE (I) Retention results for both denture base

materials as a function of follow up period
Conventional

Microwavable

Statisticcs

Variable

Mean±SD
(kgf)

Mean±SD
(kgf)

P value

One week

2.352±0.743

2.146±0.707

0.6415 ns

One month

2.519±0.733

2.302±0.708

0.6233 ns

Three months

2.682±0.743

2.442±0.712

0.5881 ns

Statistics
(p value)

0.7612 ns

0.7861 ns

ns; non-significant (p>0.05)

*; significant (p<0.05)

Internal adaptation:
Effect of denture material on internal adaptation
There was statistically non-significant difference
between both denture base materials regarding
internal adaptation mean values as shown in table II.
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TABLE (II) Comparison of internal adaptation

mean values between both denture base
materials

Variable

Internal
adaptation

Mean ± SD
(gm)

between both denture base materials

Roughness

5.04 ± 0.72

P value

Microwavable

4.79 ± 0.18

0.4474 ns

*; significant (p<0.05)

Fracture resistance:
Effect of denture material on fracture resistance
It was found that Lucitone conventional cured
denture base resin group recorded higher fracture
resistance mean value than Nature-Cryl MC
microwave cured denture base resin group with
statistically significant difference between them as
shown in table III.

Mean ± SD
(Ra)

Statistics

Conventional

0.2336 ± 0.0470

P value

Microwavable

0.2654 ± 0.0419

0.0379*

Variable

Statistics

Conventional

ns; non-significant (p>0.05)

TABLE (IV) Comparison of roughness mean values

ns; non-significant (p>0.05)

Hardness
Effect of denture material on hardness:
It was found that Lucitone conventional cured
denture base resin group recorded higher hardness
mean value than Nature-Cryl MC microwave cured
denture base resin group with statistically significant
difference between them as shown in table V.
TABLE (V) Comparison of hardness mean values

between both denture base materials
Mean ± SD
(HV)
( Kgf/mm2 )

Statistics

Conventional

61.02 ± 1.13

P value

Microwavable

39.25 ± 0.9

<0.0001*

Variable

TABLE (III) Comparison of fracture resistance

mean values between both denture base
materials

Variable

Fracture
resistance

Mean ± SD
(N)

Statistics

Conventional

1805.91 ± 204.7

P value

Microwavable

943.66 ± 81.8

0.0106*

ns; non-significant (p>0.05)

*; significant (p<0.05)

Roughness
It was found that Lucitone conventional cured
denture base resin group recorded lower roughness
mean value than Nature-Cryl MC microwave cured
denture base resin group with statistically significant
between them as shown in table IV.

*; significant (p<0.05)

Hardness

ns; non-significant (p>0.05)

*; significant (p<0.05)

Colour change
Effect of denture material on colour change
With all staining solutions, it was found that

Lucitone conventional cured denture base resin
recorded lower colour change mean value than
Nature-Cryl MC microwave cured denture base
resin

with

statistically

significant

difference

between them except for tea subgroup where there
was statistically non-significant difference between
the two groups as shown in table VI.
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Effect of staining solutions on colour change
Irrespective of denture material, it was found that
turmeric group recorded the highest colour change
mean values followed by tea group then coffee
group while artificial saliva group recorded the
lowest colour change mean value. The difference
between different staining solutions was statistically
significant as shown in tables VI.
TABLE (VI) Colour change results for both denture

base materials as a function of staining
solutions
Conventional

Microwavable

Statisticcs

Mean ± SD
(∆E)

Mean ± SD
(∆E)

P value

Artificial
saliva

3.86±1.1

5.6±1.1

0.0441*

Coffee

4.82±1.3

10.24±1.7

0.0027*

Tea

8.64±1.02

8.51±2.3

0.9303 ns

Turmeric

15.87±2.2

26.92±3.9

0.0001*

Statistics
(p value)

<0.0001*

<0.0001*

Variable

ns; non-significant (p>0.05)

*; significant (p<0.05)

DISCUSSION
Comparative studies on denture base polymers
should assess the internal adaptation of denture
bases besides evaluation of physical properties.
Comparison of internal adaptation between
conventional and microwave polymerized resins
did not yield significant difference which agrees
with earlier studies 30-32 and explains the nonsignificant difference in the retentive properties
of the conventional and microwave cured resins.
This agrees with the findings of Craig et.al, 33 who
demonstrated that the principal physical forces of
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denture retention are the capillary forces of the
liquid film present between the oral tissues and
the denture base. They concluded that the amount
of retention is proportional with the film thickness
and thus greatest retention is achieved when the film
thickness is thin and the fit of the denture is as close
as possible to the oral tissues.
This study showed that that Lucitone
conventional cured resin recorded higher fracture
resistance and hardness values than Nature-Cryl
MC microwave cured resin. This is in accordance
with other study15 that correlated this to minimum
porosities of conventional heat cured resin samples
in comparison to widely spread porosities all over
the microwave cured samples. Porosities develop
internal stresses that act as initiating sites for cracks,
thereby contributing significantly to an acceleration
of the degradation process of the denture. 34,35
In this study Nature-Cryl MC microwave
cured resin showed higher roughness values than
Lucitone conventional cured resin. One possible
explanation of this is that the high temperature
reached during microwave curing procedure leads
to alteration in the surface material which increases
their surface roughness. The roughness of a material
used for removable prosthesis is of importance as it
affects oral tissue health and staining resistance. 36
This explains that the higher colour change values
of Nature-Cryl MC microwave cured resin in
comparison to Lucitone conventional cured resin is
related to the higher roughness values.
CONCLUSION
Within the limitations of this study it could be
concluded that:
1- There is no difference between dentures
constructed from Lucitone and dentures
constructed from Nature-Cryl MC in terms of
retention and internal adaptation.
2- Lucitone conventional cured denture base resin
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has superior physical properties than NatureCryl MC in terms of higher fracture resistance
and hardness values and lower roughness and
colour change values.
3- In-vivo measurements of denture retention and
in-vitro measurements of internal adaptation are
correlated.
4- Results of hardness and fracture resistance are
correlated.
5- Results of roughness and colour changes are
correlated.
6- Tests for physical properties and other
applications of microwave cured resin should
be continued.
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